A finite element analysis of head/disk sliding continuous contact was performed to investigate the fields of temperature rise and thermal stress due to friction heat, and to develop the critical conditions for heat-induced demagnetization of the disk. Sliding contact was continued for a sufficient time to attain a relatively constant maximum temperature magnitude. The characteristic temperature increasing with whole sliding time was presented under various operating conditions. The demagnetization map for hard disk was developed by combining the simulated results together with available demagnetization temperature, a critical temperature magnitude at which occurrence of demagnetization is observed.
INTRODUCTION
The need for more increasing high areal recording densities of Hard Disk requires that the flying height of the head should be as low as possible and the grain volume of the media be as small as possible. There exists possibly high stress and temperature at the magnetic layer due to head/disk contact for extremely low flying height of 3.5 nm [1] . The magnetic anisotropy energy, generally reduced with the grain volume, may be overcome by the mechanical and thermal energy, which is called demagnetization.
Suk et al. [2] have measured the temperature rise at which demagnetization occurred is 373 K by moving a heat source across the magnetic disk with Al-Mg substrate. Liu et al. [3] have showed demagnetization occurred at the region where thermal stress is over 1.2 GPa with corresponding temperature rise about 393 K by comparing the results of FE thermal analysis and micro-magnetic simulations.
A number of techniques have also been used in calculating surface transient temperature of head/disk sliding contact [4, 5] . However, the temperature distribution at the magnetic layer of the disk for head/disk continuous sliding contact and the demagnetization induced by possible overhigh temperature have not been considered. Accordingly, an axisymmetric FE model of head/disk continuous sliding contact considering frictional heat and heat conduction and convection is introduced to find the critical conditions for heat-induced demagnetization.
MODELING PROCEDURES
In the model of simulation (see Figure 1 ), the frictional dissipation during one sliding circle is assumed to be uniformly distributed over the contact track, because that circumferential component of the thermal conductivity is considerably smaller than that of the sliding velocity. Calculations are for perfect elastic materials and their thermo-physical properties [6] are simplified to be temperature independent. The normal load of the head is assumed to be 100 mN, which divides apparent and real area of contact, resulting in an average pressure ranging from 10 KPa to 10 MPa. We assume rotation speed of the disk ranges from 5,400 rpm to 15,000 rpm, and the frictional coefficient from 0.001 to 0.5. Coulomb friction was assumed in all simulation cases.
For thermal analysis, the model is subjected to the heat flux q Γ1 (q Γ1 =PVµ) and heat transfer with the air in the disk enclosure. The time-variable air temperature T a is obtained by Sato's [7] experimental results. The node temperature is applied as loads for sequentially stress analysis with a partial model including magnetic layer. 
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Two peak magnitudes arise in each temperature increasing curve (see Figure 2) . The temperature increases exponentially and rapidly to the peak magnitude, and then gradually and linearly to the maximum magnitude. The maximum temperature rise and thermal stress at the steady-state point will be just considered. The demagnetization is characterized by scanning the written area using a surface analysis test on the disk for at least two consecutive bits that are below 75 percent of the averagedpeak amplitude of the read back signal. Demagnetization temperature is used firstly and novelly to study the critical conditions of the hard disk. Therefore, the effect of critical conditions is related to heat-induced demagnetization through the demagnetization temperature by combining the finite element analysis together with experiment method. Accordingly, the critical conditions are determined in terms of the two parameters, i.e., the demagnetization temperature 373 K and demagnetization stress 1.2 GPa.
The influence of operating conditions is described by the demagnetization map (see Figure 3) . In the map, three zones have been divided. The area where temperature/stress is smaller than 200K/1.2GPa is marked out as the safety zone without demagnetization. The middle area between 200K/1.2GPa and 373K/2.0GPa is known as transition zone where potential demagnetization would occur. The area with higher temperature/stress 373K/2.0GPa is alarmed as danger zone with full demagnetization. The area outside of the line 500K/2.8GPa represents occurrence of demagnetization accompanied mechanical yielding. Since the demagnetization temperature is dependent on the thickness of magnetic layer, magnetic property and recording density, the application of the map is limited. 
CONCLUSIONS
The critical conditions were found by combining the simulation data together with demagnetization temperature. The demagnetization map, indicating transitions from safe to danger in magnetic property, was introduced in relation to sliding velocity and frictional stress.
